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Why small signal model:
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Only 1% varia6on in VGS

ID = f(VGS)  negligible varia6on in ID




gm = f(ID)

gDS = f(ID)


Vin = ~10mV
 ~1V = Vout


Vin

~10mV


VGS

= 1V … 1,5V


VDD = 3V


Ibias


Vout = ~1V




Why small signal model:
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•  Large signal i.e. AC=1V only at the output 
node


•  Small signal 100μV…10mV<<1V at input 
and all internal nodes


A1 = A2 = 40dB




MOS Spice model (level 1)
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Small signal model
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Transconductance:


Drain-source conductance:


Bulk modula6on:


(at the quiescent point)


(at the quiescent point)


(at the quiescent point)


Drain and source diode conductances:


(at the quiescent point)  0


(at the quiescent point)  0


Small	signal	model	is	a	linearised	transistor	model	at	the	opera7ng	point.	
Small	signal	model	is	used	to	analyse	amplifier	gain	and	noise	characteris7cs	
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Satura6on region
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MOS transistor small signal model
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Opera6onal amplifier
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Current

biasing


Differen6al amplifier

(1st stage)


(2nd stage)


•  2 gain stages (80…120dB)

•  Differen6al input stage

•  Miller compensa6on

•  Current biasing


Symbol:


Compensa6on




Single stage CMOS amplifiers
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Amplifier	with	diode	load	

Source	follower	 Cascode	amplifier	

Amplifier	with	current	
source	biasing	

Push-pull	inverter	

Differen7al	
amplifier		



General single stage transistor amplifier
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Total	load:	

First	analysed	with	the	resis7ve	load,	then		
the	results	are	used	for	single-stage	amplifiers	
With	the	same	small	signal	circuit	diagram.	



Single stage amplifier with resis6ve load


14	

DBL
'
L

DSL
'
L

CCC

gGG

+=

+=

S

in

R
v

S
S R

1
G =

in'
L

'
LoutGD1out1m

GDout1GSS1ins v:
0)sC(Gv)sCv(vvg

)sCv(v)sC(GvvG

⎩
⎨
⎧

=++−+

−++=

D

G

( ) ( )( )
⎪
⎪
⎩

⎪⎪
⎨

⎧

=+++−

−++=

⇒
0

v
v

GCCs
v
v

sCg

sC
v
v

))Cs(C(G
v
v

G

in

out
LLGD

in

1
GDm

GD
in

out
GDGSs

in

1
s

( ) ( ) ( )[ ] '
LsGDmGDGS

'
LLGDs

'
LGS

'
LGDGDGS

2
mGDs

in

out

GGCgCCGCCGsCCCCCCs
)g(sCG

v
v

A(s)
++++++++

−
==

Current equa6ons at nodes G and D


Solve gain-transferfunc6on Vout/Vin by elimina6ng V1/Vin
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Total	load:	

A0	

These	results	are	used	to	characterise		
the	other	single	stage	amplifiers.	

unity-gain	bandwidth	(GBW):	



Approxima6ve solu6ons for poles
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1) Assume: 


poles:


2) Miller theorem:


poles:
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3) Separate poles: assume |p2| >> |p1|  (i.e. dominant pole approxima6on)
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In	electronics	approxima7ve	solu7ons	are	useful	due	to	the	complexity	of	circuits.		
Three	general	methods	are	presented	to	solve	the	poles	of	the	amplifier:	



Dominant pole approxima6on
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assume:




Signal linear range
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VDD


VRL


VRL


VRL


VDS,sat


VSS


maxVout


⇒ Distor6on


VOUT > VRL-VDS,SAT:


⇒ Clipping!


VOUT > VDD-VRL:


Transistor	satura7on	voltage	limited:	 Supply	voltage	limited:	

Output	linear	range	depends	on	output	biasing	point:	

Linear	range	maximised	when	
biased	half	way	between	supply		
and	transistor	satura7on	limit.		



 Diode loaded amplifier
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C’L=CL+CDB1+CGS2+CDB2	

Total	load:	
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Poles (according to Miller theorem):


Assume:  pL<<pin (in fig. p1=pL and p2=pin) 
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Results	of	the	resis7ve	loaded	case	can	be	used	to	characterise	the	diode	loaded	amplifier:		
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Assume: M1 and M2 in satura6on:
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Current source load
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VB	=	constant	⇒	ID2	=	constant	

M2	is	a	current	source.	

G’L	=	gDS1+	gDS2	

C’L	=	CL	+	CDB1+	CGD2+	CDB2	

Total	load:	
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Poles (approxima6on with Miller theorem):


Assume:  pL<<pin   (in fig. p1=pL and p2=pin)


GD1

m1

DS2DS1

m1
'
L

m1
0

21

0

C
g

Z :Zero

gg
g

G
g

A

1
p
s

1
p
s

1
z
s

A
A(s)

=

+

−
=

−
=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+

⎟
⎠

⎞
⎜
⎝

⎛ +
=

GD1
DS2DS1

m1
GS1

s
in

C
gg

g
1C

G
P

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

+
++

−
=

( )
'
L

DS2DS1
L C

gg
P

+−
=

'
L

m1
L0 C

g
pAGBW ==

A0	

Results	of	the	resis7ve	loaded	case	are	used	to	characterise	the	current	source	biased	amplifier:		



PUSH-PULL SINGLE STAGE AMPLIFIER
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Poles (Millers theorem):
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Results	of	the	resis7ve	loaded	case	are	used	to	characterise	the	push-pull	amplifier:		

Due	to	double	gm		the	gain	and	gain-bandwidth	are	
doubled	compared	with	the	current	source	biased	case.		
Here	both	transistors	are	ac7ve.	
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Push-pull inverter output range
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SOURCE FOLLOWER
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Replace:	
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Results	of	the	resis7ve	loaded	case	are	used	to	characterise	the	source	follower	(small	signal	circuit	diagram	is	same):		



CASCODE AMPLIFIER
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Transferfunc6on:
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Comparison of single stage amplifiers


34	

A

0


cascode


push-pull


current source


diode


source follower
 f




35	



Gain  A0 = f(W,L,ID)
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Unity gain bandwidth GBW = f(W,L,Id)
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Gain linearity
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